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Abstract 
The road environment includes many factors that, due to the repetitions of light signals within a limited area of the field of 
vision, can cause discomfort and in some cases flickering seizures amongst drivers and passengers. These potentially 
dangerous factors may occur when driving along an open road and in tunnel. The authors develops an experimental program in 
order to deepen the main factors of the road environment able to trigger seizures due to the flickering effect and to provide 
useful indications for the designing and maintaining of roads that are safe for all types of user, including photosensitive 
subjects. 
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1. Introduction 
The reliability of the road-vehicle-drivers system is determined by numerous and complex factors. Statistics 
show user behavior to be the main cause of accidents (90%), making it the main element to focus attention on. 
Since driving behavior is strongly conditioned by the perception of the road environment, it is very important to 
adopt a Context Sensitive Design (CSD) approach [1], able to design roads that satisfy drivers’ expectations, 
constituted by harmonious and coordinated patterns, without surprises or disturbing factors that may cause the 
driver to lose control of the vehicle.  
Certain elements of the road environment, by generating cyclical repetitions of light flows (flickering), can 
cause disturbances of varying types in photosensitive subjects.  
Photosensitivity can be defined as an abnormal sensitivity to light stimuli and it is diagnosed in the laboratory 
using an electroencephalogram (EEG) during which the patient is exposed to intermittent photic stimulation (IPS) 
[2]. Photosensitive subjects can be affected by a number of disorders varying from sensations of imbalance and 
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discomfort, to epilepsy-related presentations. Photosensitivity has a large genetic component, it tends to appear 
primarily during pre-pubescence and pubescence (7÷20 years) and affects females more than males [3, 4].  
Between 5 and 7% of all epileptic patients have a clinical history including seizures caused by visual stimuli in 
everyday life, however even subjects who do not present pathological responses (Photoparoxysmal Response – 
PPR) to IPS in the laboratory can experience symptoms such as discomfort, headache, ocular tension or vegetative 
manifestations in the presence of light patterns [4].  
Some research studies report that potentially dangerous situations may occur when driving along an open road 
and in a tunnel and that, in any case, driving speed plays a fundamental role [3, 5].  
Starting from the few literature available, the authors deeply investigate the road environment factors that 
trigger flickering effect on open road segments and inside a tunnel, developing an experimental program which 
includes three main steps: 
x examination of the Italian regulations, in order to evaluate their sensitivity to potential triggering factors for 
flickering; 
x selection of the most significant triggering factors, amongst those reported in literature, on the base of the 
opinion of photosensitive patients; 
x evaluation of the light frequencies to which the latter are associated with, in order to define their distance on 
the road to avoid flickering illness. 
2. Road environment factors that trigger flickering 
When driving on road, the main factors that can cause a seizure due to the flickering effect are: 
x sunlight broken up as the driver travels along a tree-lined road; 
x interruption of sunlight by the posts of acoustic barriers characterized by a metal structure, supporting large 
glazed panels [Fig. 1]; 
x presence of noise barrier tunnels, constituted by a metal structure supporting a transparent roof and/or front in 
tempered glass [Fig. 2]. 
   
Fig. 1. glass and steel acoustic barriers  
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Fig. 2. steel and glass noise barrier tunnels  
When driving inside a tunnel, the presence of light sources, arranged at set distances along it, can lead to light 
patterns that, depending on the driving speed, can cause a flickering seizure. The point lights can be [Fig. 3]: 
x primary sources, i.e. lamps inside the tunnel; 
x secondary sources, i.e. surfaces struck by light radiation from both the tunnel’s lamps and the vehicles lights, 
such as: 
x center lines, separating the traffic lanes; 
x reflective pavement markers, additional to horizontal road markings;  
x Botts' dots, additional to horizontal road markings;  
x reflective flexible road delineator.  
In some tunnels, characterized by side openings, the alternation of light and shade can also create critical 
frequencies able to trigger problems in photosensitive subjects [Fig. 4]. 
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Fig. 3. (a) lighting system; (b) road delineator and pavement markers   
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Fig. 4. tunnels with side openings  
3. Frequencies that cause the flickering illness 
Some researchers have studied that the oscillation of a light flow within the range of frequencies detectable to 
the human eye does not cause problems in normal lighting conditions when the frequency of these fluctuations is 
lower than 2.5 cycles/s or higher than 15 cycles/s. Consequently, light sources should be spaced at intervals such 
as to avoid repetitions between [Fig. 5]: 
x 2.5 and 15 Hz, according to CIE standard 88-2004 “Guide for the lighting of road tunnels and underpasses” 
[6]; 
x 5 and 10 Hz, according to ANSI/IES standard RP-22-1987 “American national standard practice for tunnel 
lighting” [7]. 
The frequency of fluctuations for a subject moving at a certain speed is related to the distance between the light 
sources (i [m]), driving speed (V [km/h]) and frequency (f [Hz]), according to the formula: 
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Fig. 5. critical ranges for the flickering illness  
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4. The experimental program 
4.1. Introduction 
An experimental program was developed to investigate the main factors of the road environment able to 
trigger seizures due to the flickering effect, in order to provide useful indications for the designing and 
maintaining of roads that are safe for all types of user, including photosensitive subjects.  
It included three main steps: 
x examination of the Italian regulations, in order to evaluate their sensitivity to potential triggering factors for 
flickering; 
x identification of the most significant triggering factors amongst those reported in literature, based on the 
opinion of photosensitive patients. Starting from data collected by an experimental questionnaire, it has been 
possible to identify the most important flickering causes from  the patients' point of view; 
x evaluation of the light frequencies to which the latter are associated with , in order to define their distance on 
the road to avoid flickering illness. 
4.2. Overview of Italian regulations 
The Italian regulations concerning designing and installation of road light and signs, identified above as 
potential triggering factors for flickering, are the Italian Road Code (D.L. 30/04/92) and its Regulations [8].  
They specify the technical characteristics and installation distances between consequent elements, without, 
however, considering potential phenomena relating to their vision and user perception. In this way, also with the 
aim of producing better road safety, they may, on the other hand, generate conditions of potential danger. 
This can be confirmed, for example, by examining the following articles [9]: 
x n. 153, which specifies that the reflective pavement markers should be spaced of 15 m on straight segment 
road and of 5 m in curves; 
x n. 154 that, as regards Botts' dots, imposes a distance between two consequent elements of no more than 100 
cm; 
x n. 173, which indicates that chevrons should be spaced longitudinally according to the radius of the curve and, 
for its values of up to 30 m, the distance between them should be 8 m;  
x n. 174, which indicates that reflective flexible road delineators in tunnel must be spaced a maximum of 20 m 
on straight segment, with a minimum of 8 m in curves; 
x n. 138, which specifies the size and the space of the sections of center lines and tabulates them in eight types. 
Type C, which is used to separate the traffic lanes in a tunnel, has constant spacing values which, for some 
speed values permitted by the Italian Road Code, fall within the critical field for flickering according to the 
limits established by the CIE and the IES standards [Table 1]. 
As shown in figure 6, for certain vehicle speeds, these indications can lead to frequencies that fall within the 
critical range of 2.5÷ 15 cycles per second.  
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Fig. 6. critical range for the flickering illness   
Table 1. Frequencies for type C center lines 
Type of road 
Max speed  
[km/h] 
Space between type C 
centre lines in tunnels [m] 
Light signal repetition frequency 
according to (1) [Hz] 
Motorway (type A) 130 6 6.02 
Primary rural roads (Type B) 110 6 5.09 
Secondary rural roads (Type C) 90 6 4.17 
 
The shown examples highlight that Italian Regulations’ sensitivity to the flickering issue is poor. By neglecting 
the phenomena relating to the vision of some road signs, it provides potentially critical instructions as regards 
installation, that transform these essential driving aids, in certain circumstances and driving speed, into a nuisance 
for users. The problem is all the greater if we consider the operating speeds. 
4.3. Identification of the most significant triggering factors for the flickering effect 
Starting from the triggering factors for flickering indicated in literature, the next step of experimental study 
was the definition of the most important ones from the point of view of the patients. 
The analysis was conducted in partnership with the Department of Neurological Sciences of Bologna 
University’s Faculty of Medicine, which has been treating patients with this disorder for many years.  
The patients' database is composed of 22,728 electroencephalograms performed between August 1990 and 
December 2009. Among these, 261 electroencephalograms correspond to photosensitive patients, who are 
amongst 15 - 84 year-olds, and 86 of these suffer for photosensitive epilepsy [Table 2]. 
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Table 2. Patients' database object of study 
 Number  Year-old middle age of the most recent electroencephalogram with positive IPS  
Females Males  Females/males 
Photosensitive subjects 261 31.9 164 (62.8%) 97 (37.1%) 1.7/1 
Epileptic patients 86 28.9  50 (58.1%) 36 (41.8%) 1.3/1 
 
An experimental questionnaire was drawn up to collect significant data on users’ light stimuli that cause 
flickering seizures or, quite simply, a nuisance. The questions were structured to request a subjective opinion, 
such as to permit each participant to directly and accurately express his preference. 
After an initial part considered the interviewers' general information such as personal details, the date of the 
most recent electroencephalogram with positive IPS and any current treatment, it was proposed a first series of 
questions in order to identify the degree of photosensitivity and the color of the light that causes discomfort or 
epileptic seizures.  
The second series of questions, on the other hand, aims to establish the places and circumstances in which the 
discomfort or seizure occurs, inviting patients to indicate whether the triggering cause relates to an artificial light 
source (television, video games, disco lights, tunnel lighting) or a natural light source (light reflecting off the 
water or snow, sun filtering between the blades of a fan, or between the trunks or branches along a tree-lined road, 
or between the posts of an acoustic barrier or an noise barrier tunnel).  
Lastly, the final section of the questionnaire is dedicated to the potential suppressive efficacy of the 
photoparoxysmal response exerted by special lenses. Patients are asked if they usually wear glasses with polarized 
lenses and, if the answer is affirmative, whether they find them to be beneficial [10]. 
The numerous data collected confirm the relevance of the road environment in the problem of seizures due to 
the flickering effect and they show that most frequently cause discomfort in photosensitive subjects are tunnel 
lighting, acoustic barriers and noise barrier tunnels, all with the same importance. 
4.4. Evaluation of the associated light frequencies 
On the base of results obtained by the questionnaire, it is necessary to investigate the triggering factors 
identified in the patients' answers, in order to point out the light frequencies they are associated with, so as to 
distance them on the road at intervals making it avoid flickering illness. 
So, the road environment scenarios considered critical by patients were filmed using a full HD video camera, 
placed inside the vehicle, connected to the glass, at the driver’s point of view. For each scenario, starting from the 
vehicle’s speed, by divide the footage into individual frames, the frequency of the light flow was calculated and it 
was then compared with one potentially critical for photosensitive subjects. 
High-definition video technique has been chosen because is an easy and versatile tool, that allows to obtain a 
film simple to handle, suitable to treat to photosensitive subjects in the laboratory. They will be monitored, in fact, 
by visual simulation and the corresponding EEG will be examined to identify any pathological reactions. 
The footages, in particular, were obtained on 40 km of Italian highways, in northern Italy, and they included 
road tunnels, noise barrier tunnels and acoustic barriers [Table 3, Fig. 7 and 8].  
Table 3. Footages obtained by full HD video camera: percentage of monitored elements on total road filmed 
Type of element Road tunnels Noise barrier tunnels Acoustic barriers 
%  32 6 16 
719 Giulio Dondi et al. /  Procedia - Social and Behavioral Sciences  53 ( 2012 )  712 – 721 
Tunnel
Noise Barrier Tunnel
 
Fig. 7. motorways object of study (part 1) 
Tunnel
Noise Barrier Tunnel
 
Fig. 8. motorways object of study (part 2) 
At an average vehicle speed of 110 km/h (r10 km/h), it has been possible to obtain the ranges of 
frequencies of the light flow for each type of element [Table 4]. 
Table 4. Ranges of frequencies for the detected elements 
Type of element Road tunnels (lighting system) Noise barrier tunnels Acoustic barriers 
Ranges of frequencies [Hz] 2.50 ÷ 6.30 4.50 ÷ 7.50 8.10 ÷ 9.00 
 
The ranges of frequencies obtained from films were compared with the ones considered to be potentially 
critical for photosensitive subjects. For an immediate understanding of the results, the values reported in Table 4 
have been incorporated in Fig. 9, 10 and 11. As shown, the monitored elements lead to frequencies that fall within 
the critical range of 2.5÷ 15 cycles per second.  
720   Giulio Dondi et al. /  Procedia - Social and Behavioral Sciences  53 ( 2012 )  712 – 721 
   
Fig. 9. (a) road tunnels (lighting system); (b) critical range for the flickering illness    
    
Fig. 10. (a) noise barrier tunnels; (b) critical range for the flickering illness    
    
Fig. 11. (a) acoustic barriers; (b) critical range for the flickering illness    
On the base of results obtained, moreover, it is possible to evaluate the minimum distance at which these 
monitored elements must be installed on a highway to avoid flickering illness [Table 5]. 
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Table 5. Minimum distance of installation of the detected elements  
Average  vehicle speed [km/h] 100 110 120 130 140 
Minimum distance [m] 11.2 12.2 13.3 14.4 15.6 
5. Conclusions 
The following conclusions can be drawn: 
x there are numerous elements of the road environment that, by generating cyclical repetitions of light flows, 
can cause disturbances in photosensitive subjects, when they drive; 
x the sensitivity of Italian Regulations to the flickering issue is poor. By neglecting the phenomena relating to 
the vision of some road signs, it provides potentially critical instructions that create frequencies falling within 
the critical range for the flickering illness, such as to transform, in certain circumstances and at certain travel 
speeds, these essential driving aids into a nuisance for users; 
x the data collected in the questionnaire by photosensitive subjects show that the most important triggering 
factors are light sources when driving in tunnels, noise barrier tunnels, acoustic barriers, all with the same 
importance; 
x high-definition video technique was found to be a very useful tool to identify critical frequency ranges for the 
flickering illness; 
x the obtained results show that frequently road tunnels lighting system, noise barrier tunnels and acoustic 
barriers are installed on the road in way of create frequencies falling within the critical range for the flickering 
illness. So it is necessary a review of the Italian Regulations for the installation and the maintenance of these 
elements, in order to obtain roads that are safe for all types of user, including photosensitive subjects. 
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